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stant-current source (15) connected, in its turn, to 
the anode, and electrically connected to the control 
unit (14) transducer (17) of the current location of the 
cathode spot (16) on the evaporation surface (3) of 
the cathode (2). In a particular case the cathode (2) 
itself serves as the transducer (17), and its current 
leads (7, 8) serve as current leads of the transducer 
(17). 



© ELECTRIC ARC EVAPORATOR OF METALS. 

© An electric arc evaporator of metals comprises a 
N cathode (2) extended along its longitudinal axis, 
made of the material to be evaporated and having 
the evaporation surface (3) oriented along its longitu- 
CO dinal axis, and current leads (7, 8) located on the 
opposite end faces (5, 6) of the cathode (2) and 
connected to controlled switches (10, 11) electrically 
O connected through individual switching elements (12, 
n 13) to a control unit (14) and connected to a con- 
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Field of the Invention 

The field of this invention is devices for product 
processing, electric arc metal evaporators, to be 
more precise. 

Prior Art 

It is known electric arc metal evaporator having 
cathode, which is made of evaporating metal and 
which has evaporation surface, and direct current 
power supply connected to cathode and anode 
(US, A, 3793179). 

In the above mentioned evaporator, surface of 
product is processed by cathode spot of electric 
vacuum arc which moves chaotically over cathode 
surface. Active evaporation of cathode material 
from its surface and deposition of evaporated metal 
on products, which are placed opposite to cathode 
evaporation surface, is happened due to high con- 
centration of energy in cathode spot of electric arc. 

When long objects are processed it is neces- 
sary to use several evaporators placed along long 
objects. This results in difficulties when this evap- 
orator is used- 
It is known electric arc metal evaporator having 
anode, which is extended along its longitudinal axis 
and which evaporation surface is placed along its 
longitudinal axis, and connecting leads, which are 
placed on the opposite sides of cathode and are 
connected to controlled switches, which are con- 
nected to each other through separate turn-on 
members. These members have control unit and 
are connected to direct current power supply, 
which is also connected to anode. Device also has 
unit for determination of cathode spot position on 
cathode evaporation surface. This unit is connected 
to control unit (SU, A, 461163). 

Unit for determination of cathode spot position 
on cathode evaporation surface is constructed us- 
ing detectors of final position of cathode spot. 
Cathode spot under magnetic field of current pass- 
ing through cathode moves always in direction of 
connecting lead. When cathode spot reaches cath- 
ode face, unit for determination of cathode spot 
position sets level of electric signal which enters 
control unit. Control unit provides switching-on of 
controlled switch placed near cathode face op- 
posite to cathode spot and simultaneous switching- 
off of another switch. Because cathode spot moves 
over cathode surface with uniform speed in space 
between detectors of final position of cathode spot, 
uniformity of movement does not allow control time 
of plasma flow effect on some parts of processed 
product according to given program. This results in 
processing which differs on product ends from its 
central zone. 



Summary of the Invention 

Described invention is based on the problem of 
creation of metal evaporator in which unit for deter- 
5 mination of cathode spot position on cathode evap- 
oration surface allows control of cathode spot 
movement by given program. This would result in 
uniform processing over whole surface of pro- 
cessed product. 

w ' The problem is accomplished by construction 
of unit for determination of cathode spot position 
on cathode evaporation surface is made detector of 
current position of cathode spot on cathode evap- 
oration surface. Device also has cathode, which is 

75 extended along its longitudinal axis, made of 
evaporating material and having evaporation sur- 
face placed along its longitudinal axis, and con- 
necting leads which are placed on the opposite 
sides of cathode and connected to controlled 

20 switches which are connected to each other and to 
direct current powder supply. Direct current power 
supply is also connected to anode. Unit for deter- 
mination of cathode spot position on cathode evap- 
oration surface is connected to control unit. 

25 Cathode can serve as detector of current posi- 

tion of cathode spot on cathode evaporation sur- 
face. Connecting leads of cathode can serve as 
connecting leads of detector. 

It is reasonable that detector of current position 

30 of cathode spot is shaped as extended conductor 
which is made of high resistivity, which length is 
about half of cathode one, which has at its ends 
two connecting leads connected to input of control 
unit, and which is placed in close proximity to 

35 cathode evaporation surface. 

It is reasonable that control unit has voltage 
converter, comparison unit, which output is con- 
nected to voltage converter and to separate turn-on 
members of controlled switches. First input of com- 

40 parison unit is connected to power supply leads of 
cathode which also serves as detector of current 
position of cathode spot on cathode evaporation 
surface. Control unit also has programming unit 
which output is connected to second input of com- 

45 parison unit. 

It is reasonable that cathode, which also serves 
as detector of current position of cathode spot on 
cathode evaporation surface, is connected to first 
input of comparison unit through voltage converter, 

so and that second input of comparison unit is con- 
nected to output of programming unit directly. 
It is reasonable that power supply leads of cathode, 
which also serves as detector of current position of 
cathode spot on cathode evaporation surface, are 

55 connected to first input of comparison unit directly, 
and second input of comparison unit is connected 
to output of programming unit through voltage con- 
, verter. 
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It is reasonable that control unit has compari- 
son unit which first input is connected to power 
supply leads of extended conductor of detector of 
current position of cathode spot on cathode evap- 
oration surface. It is reasonable that output of con- 
trol unit is connected to separate turn-on members 
of controlled switches and that control unit has 
programming unit which output is connected to 
second input of comparison unit. 

Such construction of evaporator applied for 
patent provides uniform processing of whole sur- 
face of processed product. 

Brief Description of the Drawings 

The following text explains invention by de- 
scription of concrete examples of its realization and 
by attached drawings where: 

Fig. 1 represents general diagram of electric arc 
metal evaporator which is applied for patent, 
(vacuum chamber is shown in longitudinal sec- 
tion); 

Fig. 2 represents general diagram of another 
modification of evaporator construction, (vacuum 
chamber is shown in longitudinal section); 
Fig. 3 represents general diagram of one more 
modification of evaporator construction, (vacuum 
chamber is shown in longitudinal section). 

Detailed Description of the Invention. 

Electric arc metal evaporator according to in- 
vention specification will be described using exam- 
ple of evaporator for electric arc hard-facing in 
vacuum. 

Electric arc metal evaporator according to in- 
vention specification has vacuum chamber 1 (Fig. 
1) which serves as anode. Cathode 2, which is 
extended along its longitudinal axis, is made of 
evaporating material, e.g. titanium, and has evap- 
oration surface extended along its longitudinal axis, 
is placed in vacuum chamber 1. Evaporation sur- 
face 3 of cathode 2 is limited by shield 4 insulated 
of cathode 2. Cathode 2 has on its faces 5 and 6 
respective power supply leads 7 and 8 taken out 
through insulators 9 which are mounted into walls 
of chamber 1 outside of this chamber 1. 
Power supply leads 7 and 8 are connected to 
controlled switches 10 and 11 which are connected 
through separate turning-on members 12 and 13 to 
control unit 14 and to negative terminal of direct 
current power supply 14 which positive terminal is 
connected to vacuum chamber 1 which serves as 
anode. 

Electric arc evaporator according to invention 
specification also has device for determination of 
cathode spot position 16 on evaporation surface 3 
of cathode 2. Said device 16 is connected to con- 



trol unit 14. 

Described modification uses cathode 2 as de- 
tector 17 of cathode spot current position 16 on 
evaporation surface 3 of cathode 2. Cathode power 

5 supply leads 7 and 8 serves as power supply leads 
of detector 17. 

Control unit 14 has voltage converter 18, com- 
parison unit 19, which output is connected to volt- 
age converter 18 and separate members 12 and 13 

70 for turning-on control switches 10 and 11. First 
input 20, 20' of comparison unit 19 is connected to 
power supply leads 7 and 8 of cathode 2, which 
also serves as detector 17 of current position of 
cathode spot 16 on evaporation surface 3 of cath- 

15 ode 2. Control unit 14 also has programming de- 
vice 21 , which output is connected to second input 
22, 22' of comparison unit 19. 
Described modification of electric arc evaporator 
realization according to invention specification has 

20 electric connection of first input 20, 20' of compari- 
son unit 19 through voltage converter 18 to power 
supply leads 7, 8 of cathode 2, which also serves 
as detector 17. Output of programming device 21 
is connected to second input 22, 22' of comparison 

25 unit 19 directly. 

In this case, voltage converter 18 has operational 
amplifier 23 which input 24, 24' is connected to 
power supply leads 7 and 8 of cathode 2, which 
also serves as detector 17. Operational amplifier 

30 output 25 is connected to loading resistor 26, 
switch 29, power supply 27, which is connected to 
switch 28. Switches 28 and 29 are connected to 
first input 20, 20' of comparison unit 19 and have 
respective turning-on members 30 and 31 which 

35 are connected to output of comparison unit 19. 

Operational amplifier 23, loading resistor 26, 
programming unit 21 and comparison unit 19 are 
connected to common connection point. 
Design of programming unit 21 is known for those 

40 skilled in the art. This unit executes program that 
determines generated control voltage. 
Product 32 is placed in chamber 1 opposite to 
evaporation surface 3 of cathode 2. Metal plasma 
flow 33 which is generated by cathode spot 16 on 

45 evaporation surface 3 of cathode 2 is deposited on 
product 32. 

Necessity for clearing of detector 17 from metal 
particles evaporated from cathode 2 can be avoid- 
ed in the above described modification of electric 

50 arc evaporator realization according to invention 
specification. 

Modification of electric arc evaporator realiza- 
tion according to invention specification that is re- 
presented on Fig. 2 is analogous to modification 

55 represented on Fig. 1. 

The difference is that electric connection of 
first input 20, 20' (Fig. 2) of comparison unit 19 to 
power supply leads 7 and 8 of cathode 2, which 
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serves as detector 17, is immediate. Electric con- 
nection of output of programming unit 21 to second 
input 22, 22' (Fig. 2) of comparison unit 19 goes 
through voltage converter 18. 

Voltage converter 18 has switches 34 and 35 
connected to output of programming unit 21 and 
second input 22, 22 f of comparison unit 19. Switch- 
es 34 and 35 have respective turning-on members 
36, 37 which are connected through diodes 38 and 
39 to output of comparison unit 19. Members 12 
and 13 turning on controlled 10 and 11 are con- 
nected to output of comparison unit 19 through the 
same diodes 38 and 39. 

Programming device 21 has resistor 40, control 
voltage supply 41 and potentiometer 42 connected 
in series. Terminals of potentiometer 42 are output 
of unit 21 . 

Switches 34 and 35 are connected to each 
other and to resistor 40 of programming unit 21. 

Modification of electric arc evaporator realiza- 
tion according to invention specification that is re- 
presented on Fig. 3 is analogous to modification 
represented on Fig. 1 . 

Difference is that detector 17 (Fig. 3) of cath- 
ode spot current position 16 evaporation surface 3 
of cathode 43 is made as extended conductor 45 
which is placed inside vacuum chamber 44, is 
made of material with high resistivity, e.g. Nich- 
rome alloy, and has two power supply leads 46 and 
47 on its ends. Length of conductor 45 equals 
approximately to length of cathode 43. Conductor 
45 is placed in parallel to evaporation surface 3 of 
cathode 42 in close proximity to it. Power supply 
leads 46 and 47 are taken out through insulators 
48, which are mounted in walls of chamber 44, 
outside of this chamber 44 and are connected to 
input of control unit 14. 

Control unit 14 of described modification of 
electric arc evaporator realization according to in- 
vention specification has comparison unit 49 which, 
first input 50, 50' is connected to power supply 
leads 46 and 47 of extended conductor 45 of 
detector 17. Output of comparison unit 49 is con- 
nected to separate members 12 and 13 for turning 
on controlled switches 10 and 11. In addition con- 
trol unit 14 has programming unit 51 which output 
is connected to second input 52, 52' of comparison 
unit 49. 

Power supply leads 46 and 47 of extended 
conductor 45 are connected to current stabilizers 
which are made as resistors 53 and 54. Resistors 
53 and 54 are connected to each other and to 
positive terminal of direct current power supply 55 
which negative terminal is connected to power sup- 
ply lead 8 of cathode 2. 

Programming unit 51 is the same as unit in 
evaporator modification according to Fig. 2 and has 
the same functional purpose. 



Working principle of electric arc metal evapora- 
tor according to invention specification is the fol- 
lowing. 

Vacuum chamber 1 (Fig. 1) is pumped down 
5 by air pumping system (which is not shown on 
drawing) to pressure determined by technological 
purposes. Range of working pressure is limited on 
upper side by approximately 10 Pa and is prac- 
tically unlimited on lower side because working 

70 medium where current is transferred consists of 
by-products of erosion of cathode 2 which are 
ionized by arc discharge. When given working 
pressure is achieved then anode (vacuum chamber 
1) and cathode 2 are supplied from direct current 

75 power supply 15 and cathode spot 16 is initiated 
on evaporation surface 3 of cathode 2 by ignition 
device (which is not shown on the drawing because 
it is well-known and is not subject of this invention). 
Cathode spot 16 generates plasma flow 33 which 

20 extends mainly in the direction which is normal to 
evaporation surface 3 of cathode 2. 
It is well-known that, for cathodes having extended 
form and power supply leads on the opposite sides 
of cathode, cathode spot of arc discharge always 

25 extends toward turned-on power supply lead. Arc 
discharge current passing through extended cath- 
ode 2 generates magnetic field which direction 
forces cathode spot 16 to move in the direction of 
turned-on power supply lead 7 or 8. 

30 Reciprcations of cathode spot 16 on evapora- 

tion surface 3 of cathode 2 is accomplished by 
alternate turning on of power supply leads 7 and 8. 
Alternation of power supply leads is accomplished 
by controlled switches 10 and 11. When switch 11 

3b is turned on, cathode spot 16 moves towards pow- 
er supply lead 8. Voltage at terminals of cathode 2 
is 

U1 - i-r, 

40 

where i is discharge current, and r is resistance 
cathode part between cathode spot 16 and face 6 
of cathode 2. This voltage supplies input 24, 24' of 
operational amplifier 23 of voltage converter 18. 

45 Voltage U2 is generated on resistor 26 U2 = k»U1, 
where U2 is voltage at output of converter 1 8 and k 
is scaling ratio. 

This voltage supplies first input 20, 20* of com- 
parison unit 19 through closed switch 29. Second 

so input 22, 22' of comparison unit 19 receives volt- 
age U3 from programming unit 21. Voltage U3 
determines position of cathode spot 16 on cathode 
2. If k-U1=U3>0 then switch 11 is closed. Cath- 
ode spot 16 moves along cathode towards power 

55 supply lead 8 until switch 10 turns on and switch 
1 1 turns off. 

When switch 10 is turned on, voltage at termi- 
nals of cathode 2 rises to a value -(U-U1) = -i(R-r), 
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where R is resistance of cathode 2, and switch 29 
is turned off and switch 28 is turned on at this time. 
Voltage converter 18 generates voltage U2 = k*- 
(U1-U) + U4, where U is maximum voltage mea- 
sured at detector 1 7 which is also cathode 2, U4 is 
voltage of power supply 27 which is adjusted to be 
equal to U. 

So, U2 = k»U1, i.e. input 20, 20' of compari- 
son member 19 receives the same voltage at the 
moment of switching switches 28 and 29. 

Modification of electric arc metal evaporator 
according to Fig. 2 operates analogous to evapora- 
tor according to Fig. 1. 

The difference is that signal from cathode 2 
which is also detector of current position of cath- 
ode spot 16 enters input 20, 20' of comparison unit 
19 directly, and signal from programming unit 21 
enters input 22,22' of comparison unit 19 through 
voltage converter 18. 

If error signal enters inputs 20, 20' and 22, 22 f 
of comparison unit 19 as the result of chaotic 
movement of cathode spot 16 over evaporation 
surface of cathode 2, then signal through diode 38 
or 39 enters switching members 12 and 13 de- 
pending on polarity of input signal. When cathode 
spot 16 moves then switch corresponding to direc- 
tion of displacement of cathode spot 16 is opened. 
This results in increasing value of signal picked 
from power supply leads 7, 8 of cathode 2 from U 
to -(U-U1). It is necessary for normal operation of 
evaporator that voltage determined by program- 
ming unit 21 changes from U3 to -(U-U3) when 
switches 10 and 11 are switched. Voltage converter 
18 serve's for this purpose. 

Voltage converter 18 operates as follows. 

Voltage from power supply 41 of programming 
unit 21 through resistor 40 and controlled switches 
34 and 35 having switching circuits 36 and 37 
supplies potentiometer 42. When switch 34 is 
closed then input 22, 22' of comparison unit 19 is 
supplied by voltage U3. When switch 35 is closed 
then input 22, 22' is supplied by voltage (U-U3), i.e. 
when signal generated by detector 17 of current 
position of cathode spot 16 increases, voltage at 
output of voltage converter 18 also increases. 

Change of position of cathode spot 16 on cath- 
* ode 2 is carried out by displacement of slider of 
potentiometer 42. 

Modification of electric arc metal evaporator ac- 
cording to Fig. 3 operates analogous to evaporator 
according to Fig. 1. 

The difference is that current stabilizers con- 
structed in resistors 53 (Fig. 3), 54 form bridge 
which diagonally opposite pair of junctions is con- 
nected input 50, 50' of comparison unit 49. Resis- 
tance of each resistors 53 and 54 is such that it is 
by the order of magnitude higher than resistance R 
of conductor 45 of detector 17. When this condition 



is satisfied then voltage U5 at diagonally opposite 
pair of junctions of bridge equals to U5 = i/2 (r - 
R/2). 

Previous expression entails that voltage at di- 

5 agonally opposite pair of junctions of bridge deter- 
mines position of cathode spot 16 on evaporation 
surface 3 of cathode 2 unambiguously and first 
input 50,50' of comparison unit 49 receives signal 
directly generated at conductor 45 of detector 17. 

10 At the same time second input 52, 52' of compari- 
son unit 49 receives signal from programming unit 
51 and comparison unit 49 generates at its output 
an amplified signal which level is proportional to 
voltage difference at outputs 50, 50' and 52, 52\ 

75 When potentials at inputs 50, 50' and 52,52' of 
comparison unit 49 are equal then signal at its 
output is zero and both switches 10 and 11 closes. 
When both switches 10 and 11 are closed two 
directions of motion of cathode spot 16 are equiv- 

20 alent (cathode spot 16 moves chaotically). When 
position of cathode spot 16 changes potential at 
conductor 45 changes too and non-equal signals 
enter inputs 50, 50' and 52,52* of comparison unit 
49. This results in increased potential at the output 

25 that opens switch corresponding to direction of 
increasing unbalance signal. Then cathode spot 16 
begins movement in direction corresponding to de- 
creasing unbalance signal. 

So, comparison unit 49 and controlled switches 

30 10 and 11, which are affected by it, constantly 
keep position of cathode spot on cathode 2 so that 
voltage difference is zero. When signal at output of 
programming unit 51 changes then voltage dif- 
ference appears at inputs 50, 50' and 52,52' of 

35 comparison unit 49 and control unit 14 operates so 
that cathode spot 16 moves to new position on 
cathode 2 to restore voltage balance. 

Cathode spot is moved in given direction ac- 
cording to given program by changing voltage at 

40 output of programming unit 51 . 

According to invention specification, electric arc 
metal evaporator, which is used in particular for 
electric arc hard-facing in vacuum, provides pos- 
sibility of different profiles of coatings having given 

45 thickness. 

Industrial Applicability. 

Electric arc metal evaporator can be used for 
so deposition hardening and decorative coatings on 
extended surfaces of such products as long shafts, 
tubes, tools, gears, hobbing cutters and also for all 
kinds of vacuum-plasma product processing includ- 
ing thermometrical and thermal processing and 
55 surface clearing of products. 
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Claims 

1. An electric arc metal evaporator has a cathode 
(2) extending along its longitudinal axis, made 

of an evaporating material and having an evap- 5 
oration surface along its longitudinal axis, and 
power supply leads (7, 8) positioned at dif- 
ferent end faces (5, 6) of the cathode (2) and 
connected to controlled switches (10 and 11) 
which are connected through separate turn-on w 
members (12,13) to a control unit (14) and to 
direct current power supply (15) which is also 
connected to the anode, and a means for de- 
termining position of a cathode spot (16) on 
the evaporation surface (3) of the cathode (2) 15 
which is connected to the control unit (14), 
characterized by the fact that the means for 
determining position of the cathode spot (16) 
on the evaporation surface (3) of the cathode 
(2) comprises a detector (17) of current posi- 20 
tion of the cathode spot (16) on the evapora- 
tion surface (3) of the cathode (2). 

2. An electric arc evaporator as claimed in claim 

1 , characterized by the fact that the cathode 25 
(2) serves as the detector (17) of current posi- 
tion of the cathode spot (16) on the evapora- 
tion surface (3) of the cathode (2), the power 
supply leads (7, 8) of the cathode (2) are 
power supply leads of the detector (17). 30 

3. An electric arc evaporator as claimed in claim 
1, characterized by the fact that the detector 
(17) of current position of the cathode spot (16) 

on the evaporation surface (3) of the cathode 35 
(43) comprises an elongated conductor (45) 
which is made of a high resistivity material and 
which has a length approximately equal to the 
length of the cathode (43), the conductor (45) 
having at its ends two power supply leads (46, 40 
47) which are connected to the input of the 
control unit (14) and being positioned in a 
close proximity to the evaporation surface (3) 
of the cathode (43). 

45 

4. An electric arc evaporator as claimed in claim 
1, characterized by the fact that the control 
unit (14) comprises a voltage converter (18), a 
comparison unit (19) having an output con- 
nected to the voltage converter (18) and in- 50 
dividual members (12, 13) for turning on con- 
trolled switches (10, 11), a first input (20,20*) 
connected to power supply leads (7, 8) of the 
cathode (2), which also serves as the detector 

(17) of current position of the cathode spot (16) 55 
on the evaporation surface (3) of the cathode 
(2), and a programming unit having an output 
connected to the second input (22,22') of the 



comparison unit (19). 

5. An electric arc evaporator as claimed in claim 
4, characterized by the fact that the electric 
coupling of the first input (20,20') of the com- 
parison unit (19) the power supply leads (7,8) 
of the cathode (2) which serves as the detector 
(1 7) of the current position of the cathode spot 
(1 6) on the evaporation surface (3) of the cath- 
ode (2) is effected through the voltage con- 
verter (18), and the second input (22,22') of the 
comparison unit (19) is directly electrically 
coupled to the output of the programming unit 
(21). 

6. An electric arc evaporator as claimed in claim 
4, characterized by the fact that the first input 
(20,20') of the comparison unit (19) is directly 
electrically coupled to the power supply leads 
(7,8) of the cathode (2) which serves as detec- 
tor (17) of the current position of the cathode 
spot (16) on the evaporation surface (3) of the 
cathode (2), and the second input (22,22') of 
the comparison unit (19) is electrically coupled 
to the output of the programming unit (21) 
through the voltage converter (18). 

7. An electric arc evaporator as claimed in claim 
3, characterized by the fact that control unit 
(14) comprises a comparison unit (49) having a 
first input (50,50') connected to power supply 
leads (46,47) of the elongated conductor (45) 
of the detector (17) of the current position of 
the cathode spot (16) on the evaporation sur- 
face (3) of the cathode (2), the output of the 
comparison unit (49) being connected to in- 
dividual members (12, 13) for turning on con- 
trolled switches (10, 11), and by the fact that it 
also comprises a programming unit (51) having 
an output connected to a second input (52,52') 
of the comparison unit (49). 
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